INTRODUCTION
============

Surgical resection remains the only potentially curative treatment for cancer of the head of the pancreas, and pancreatoduodenectomy (PD) is the standard surgical option[@B8] ^,^ [@B10]. Despite technical advances, PD remains a challenging operation with surgical mortality rates ranging from 1-6% even at experienced centers[@B17] ^,^ [@B19] ^,217,^ [@B10]. Major vessels involvement around the pancreas can make the surgery even more challenging[@B4] ^,^ [@B6] ^,^ [@B23] especially if arterial resection and reconstruction are necessary[@B1] ^,^ [@B13] ^,^ [@B14] ^,^ [@B16]. Arterial anomalies of the celiac axis, mainly of hepatic arteries, are not uncommon. These variations can result in arterial involvement of the anomalous artery by the tumor and increase the risk of vascular injury. Thus, awareness of patient vascular anatomy is important to avoid iatrogenic injury while performing a safe pancreatic head resection.

The purpose of this study was to determine the prevalence of arterial variations that can lead to iatrogenic injury or require resection/reconstruction during a PD.

METHOD
======

Patients
--------

Two hundred consecutive patients were submitted to contrast enhanced abdominal computed tomography (CT) in a tertiary radiology unit. CTs were retrospectively analyzed. Patients with a previous history of major upper abdominal surgery, a large abdominal mass that distorted the celiac or its branches, and those younger than 18 years old were excluded. This study was submitted and approved by the institutional ethics committee (number 2.755.349) and registered at *Plataforma Brasil*.

Image technique and interpretation
----------------------------------

The CT images were obtained with the use of a spiral 16-detector row scanner (LightSpeed Ultra Scanner, GE Medical Systems). Section thicknesses of 3.0 mm or less was used. Dynamic images were obtained after endovenous injection of iopromide through an 18-gauge plastic catheter placed in an antecubital vein. The hepatic arterial phase scanning delays 9-15 seconds after descending aorta enhancement of 100 Housfied Units (HU). Total contrast medium volume used ranged from 1-1.5 ml per kg of body weight. Hepatic arterial, portal venous, and equilibrium phases were routinely achieved. Dicom images were analyzed by a radiologist and a hepatobiliarypancreatic surgeon using a free open source medical image viewer (Horos 3.3.1 for MacOS, Horos project, 2018).

Arterial anomalies
------------------

Standard arterial anatomy was considered as: the common hepatic artery originating from celiac trunk and being called proper hepatic artery after giving the gastroduodenal artery. Right and left hepatic arteries originating from proper hepatic artery. The presence of a right hepatic artery (RHA) (replaced or accessory) or a common hepatic artery originating from the superior mesenteric artery are known arterial anomalies that require special caution and/or technical modifications during PD. These variations were searched in each tomographic study and recorded in schematic figures. The Hiatt classification was adopted to evaluate arterial anatomical variations[@B9].

RESULTS
=======

A total of 214 patients were initially screened from June to August 2018 in a tertiary radiology unit. There were 14 exclusions due to large abdominal tumors (four cases of abdominal neoplasms and one of polycystic hepatic disease) distorting the celiac trunk and 10 exclusions due to major upper abdominal surgery (five pancreatic resection and other five major hepatic resection).The distribution of men and women was similar (93 and 107, respectively).

A normal RHA originating from the main trunk of the proper hepatic artery ([Figure 1](#f1){ref-type="fig"}A) was found in 174 cases (87%). An aberrant RHA was identified in 26 (13%). Among these 26 cases of aberrant RHA, 12 (6%) were a replaced RHA arising from SMA ([Figure 1](#f1){ref-type="fig"}B and [Figure 2](#f2){ref-type="fig"}), two (1%) were an accessory RHA arising from SMA ([Figure 1](#f1){ref-type="fig"}C), seven (3.5%) the origin of the hepatic artery was a hepatomesenteric trunk ([Figure 1](#f1){ref-type="fig"}D), and five (2.5%) the RHA was replaced with its origin directly from celiac trunk ([Figure 1](#f1){ref-type="fig"}E). All aberrant RHA (13%) had a route behind the head of the pancreas and then, posteriorly and laterally, to the main portal vein before reaching the liver.

FIGURE 1Diagrammatic representation of hepatic arterial system variations with implications in pancreatoduodenectomy observed in 200 reviewed cases. Variations of left hepatic artery (n=7) are not shown: A) standard arterial configuration; B) replaced right hepatic artery from superior mesenteric artery (prevalence 6%); C) accessory right hepatic artery from superior mesenteric artery (prevalence 1%); D) right hepatic artery from hepatomesenteric trunk (prevalence 3.5%); and E) replaced right hepatic artery directly from celiac trunk with retroportal course (prevalence 2.5%).LHA=left hepatic artery; RHA=right hepatic artery; PHA=proper hepatic artery; GDA=gastroduodenal artery; PV=portal vein; LGA=left gastric artery; SA=splenic artery; SMA=superior mesenteric artery; rRHA=replaced right hepatic artery; aRHA=accessory right hepatic artery; HMT=hepatomesenteric trunk

FIGURE 2Replaced right hepatic artery (rRHA) arising from superior mesenteric artery (SMA). CL=celiac trunk.

Additionally, eight cases (4%) of aberrant left hepatic artery were identified. In seven cases the left hepatic artery (replaced in four cases and accessory in three) arose from the left gastric artery. In one case a replaced left hepatic artery came directly from aorta. The course of these aberrant left hepatic arteries was far from head of the pancreas. In one of the reported cases there was an association of accessory left hepatic artery and replaced right hepatic artery. Also, there was one case celiac trunk and superior mesenteric artery arising from a common trunk from aorta.

DISCUSSION
==========

Following normal development, common hepatic artery arises from celiac trunk and it continues as the proper hepatic artery after giving origin to the gastroduodenal artery. Right and left hepatic arteries usually are branches of the proper hepatic artery. However, numerous anatomical arterial variations can result from anomalies of embryologic elements[@B22]. In fact, a "normal" or regular arterial pattern of arterial hepatic branches is reported with a frequency of 62.5% to 90.5% of cases[@B15] ^,^ [@B22] ^,^ [@B26]. Some anatomical variations of hepatic arterial system have crucial importance in pancreatic head resections, such as PD[@B2] ^,^ [@B11] ^,^ [@B18].

Since the initial PD description by Whipple et al.^25^ in 1935, this complex procedure evolved and underwent several changes[@B3]. However, arterial anatomical variations remain a challenge. Ligation of a hepatic artery may result in hepatic necrosis, liver abscesses, ischemic biliary injury, and/or an anastomotic fistula. These are potential life-threatening complications[@B13].

A standard PD and its variations comprise at least dissection of common and proper hepatic arteries and gastroduodenal artery. This one is usually ligated and sectioned in its origin. Also, lymphadenectomy of the common hepatic artery and celiac trunk is frequently indicated in PD for cancer. Additionally, pancreatic arterial branches from superior mesenteric artery (such as inferior pancreatoduodenal arteries) are ligated during retroportal pancreatic lamina resection[@B20].

Anomalous right hepatic artery originating from the superior mesenteric artery might show different relations with the pancreas and the portal vein. They are often in contact with the posterior aspect of the head of the pancreas and go lateral and posterior to the portal vein. Anomalous common hepatic artery arising from the SMA (known as the hepatomesenteric trunk) might have a similar course. An important finding of the present study is that in all cases of anomalous right hepatic artery, including those that arouse directly from SMA and also those from a hepatic-mesenteric trunk, run posterior to the pancreatic head and portal vein, and laterally to the portal vein before reaching the liver. These anomalous vessels might be accidentally damaged during PD and/or can be involved by tumors of the pancreatic head and cause intra-operative or postoperative bleeding.[@B13] ^,^ [@B14]

Identification of arterial variations allows proper planning and appropriate operative management in case of vascular encasement or arterial injury. Simple ligation and section should be avoided (except in cases of accessory vessels) due to the risk of hepatic necrosis and liver abscess. Despite of being technically demanding, dissection of the vessels far from the pancreas is usually possible without compromising the radicality of resection ([Figure 3](#f3){ref-type="fig"}) and should be attempted[@B2]. Resection and reconstruction may be required in certain arterial variations (such as in case of intra-pancreatic course) or tumor encasement ([Figure 4](#f4){ref-type="fig"})[@B2] ^,^ [@B18]. It has been demonstrated that the presence of a anomalous RHA in patients with pancreatic adenocarcinoma does not affect resectability. It is suggested that in patients with resectable pancreatic tumors the presence of this variation does not increase R1 rates and is not associated with worse postoperative outcomes or overall survival[@B5] ^,^ [@B12] ^,^ [@B24]. In most of cases of PD with an aberrant RHA it was possible to preserve this artery; resection and reconstruction was restricted to arterial encasement. For a while, it is not clear if arterial involvement of an aberrant RHA by a pancreatic tumor has the same clinical impact than involvement of other arteries (such as celiac trunk or common hepatic artery). Thus, resection of a tumor involved aberrant right hepatic artery might represent an acceptable option.

FIGURE 3Operative view showing dissection of a replaced right hepatic artery (rRHA) during a pancreatoduodenectomy: note the course of rRHA posterior to the portal vein (PV) and then lateral to the PV.

FIGURE 4Operative view during a pancreatoduodenectomy: A) note the presence of a replaced right hepatic artery (rRHA) from superior mesenteric artery, crossing posterior to the portal vein (PV) and involved by a pancreatic tumor (asterisks); B) segmental resection of the involved rRHA with distal segment prepared to be anastomosed with the stump of the gastroduodenal artery (GDA)

It was found an anomalous right hepatic artery (either an accessory or substitute RHA from SMA or a RHA from a hepatic-mesenteric trunk) in 26 cases (13%), all of them with a course just posterior to the portal vein and in contact with the head of the pancreas. Additionally, were found two cases of a RHA directly from the celiac trunk, also with a retroportal course. These findings are accordance with the literature, with a 13-26% rate of anomalous RHA reported[@B11] ^,^ [@B26].

The definition of the arterial vascular anatomy preoperatively or early during PD is crucial. It can avoid bleeding and postoperative complications due to arterial injury. Associated with the current imaging techniques, dissection of the superior mesenteric artery as an initial step of PD can be used very selectively.

CONCLUSION
==========

Hepatic artery variations, such as anomalous right hepatic artery crossing posterior to the portal vein, are frequently seen. These patients, when undergoing pancreatoduodenectomy, may require a change in the surgical approach to achieve an adequate resection. Preoperative imaging can clearly identify such variations and help to achieve a safer pancreatic head dissection with proper surgical planning.
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